Mb/Cr ratio. This increased excretion of TRF cannot be explained on the basis of the molecular size, because the relative molecular masses of TRF and AIb are similar (77 000 and 69 000, respectively). However, TRF is less anionic, and therefore we suggest that in late pregnancy there is not only an increase in permeability of the glomerular membrane but also a change in the charge.
Procedures
RA -1 000 methods. Initially we fitted the RA-1000 with a 465-nm ifiter, substituting this for the 380-nm filter at position 2 on the filter-wheel assembly, which was redundant in our instrument. The methods require an initial dilution of serum in buffer (we used a sample/reagent ratio of 1:35), measurement of absorbance at 465 nm at equilibrium, and comparison with a calibration value held in memory. Because hemoglobin interferes significantly at 465 nm, a bichromatic correction is made at 550 nm. The instrument settings we used are detailed in Table 1 . Different bichromatic factors must be calculated for each buffer system, by analyzing approximately 50 hemolyzed, non-icteric sera and obtaining the mean of the ratio of absorbances at 465 nm and 550 rim. These factors are analyzer-specific, and the procedure for obtaining them is fully outlined in the RA-1000 operators' manual. Calibrate monthly, or on introduction of new batches of reagent, by entering mean calibration factors (obtained by 10 replicate analyses of human-serum-based 340 mol/L bilirubin standard) into the system's settings. An arbitrary incubation time of 1 mm was used to allow adequate mixing before final absorbance readings. Throughout this study the methods were run concurrently in the same reagent-tray configuration.
sMAc method. For comparison, we determined total bilirubin with the SMAC continuous-flow method (9) , which is an adaptation of the classical manual procedure of Jendrassik and GrOf (10) as modified by Nosslin (11).
Patients' Samples
Pediatric. Blood samples from jaundiced neonates were obtained by heel puncture or venipuncture, centrifuged, and the serum obtained was stored at -20 #{176}C until required. Specimens were thawed, mixed, and analyzed in We wanted to include bilirubin analysis in our pediatric proffle on the HA-bOO "random-access" analyzer (Technicon Instruments Corp., Tarrytown, NY 10591), but their diazo method (Technicon method no. SM4-0146A84) is susceptible to interference from hemolysis and requires a relatively large sample volume. To obviate these problems, we adapted the spectrophotometric method (BOR) of Hertz et al. (6) to the HA-bOO by incorporating a 465-nm filter, for measuring the absorption peak of bilirubin in the borate buffer reagent.1 Because recent publications (7, 8) indicated that two caffeine-based buffer reagents-caffeine (CAF) and borate-caffeine (B-C), respectively-offered advantages over the classical borate buffer, we also compared their performance for precision, accuracy, linearity, protein matrix effects, and interferences. These buffer systems were originally intended for measuring bilirubin in neonates, but we undertook further studies to assess their suitability for estimating total bilirubin in adults.
Materials and Methods

Reagents
All reagents, unless stated otherwise, were "ANALAR" grade, obtained from BDH Chemicals, Poole, Dorset, U.K. For the linearity studies, we diluted the stock bilirubin standard in human albumin diluent to give a series of standards ranging in concentration from 50 to 1000 anol/L.
For human serum diluent we used a pool of nonicteric, clear human serum exposed to sunlight for at least 8 h. Its total bilirubin concentration was <5 zmol/L and its carotene concentration was <50 .&g/L. BOR reagent. As described by Hertz et al. (6), dissolve 30.5 g of K2B407 .4 HO in 500 mL of distilled water; adjust to pH 9.3, if necessary, using NaOH or HC1; and dilute to 1 L with distilled water. CAF reagent. As described by Vink et al. (7) , dissolve 125 g of CH3COONa ' 3H20, 75 g of sodium benzoate, and 1.0 g of Na2EDTA in 500 mL of distilled water; add 50 g of caffeine, and dilute to 1 L with water. B-C reagent. As described by Franzini and Cattozzo (8), dissolve 5 g of caffeine in 500 mL of borate buffer.
These reagents are all stable for at least three months at room temperature. For use in the RA-1000, add two drops of wetting agent W (Technicon product no. T21-1298-52) to each reagent boat. batches of 10 in the SMACand by each method in the HA-bOO. Before analysis, to ensure that we measured only unconjugated bilirubin, we analyzed the specimens for direct bilirubin in the Technicon Chem-1 (Technicon method no. TO1-1653-O1) and discarded any with results >20 molfL. Adult. Icteric serum samples from patients with both cholestatic and hemolytic jaundice, previously analyzed in the SMAC, were assayed-on the same day, when possibleby each HA-bOO bilirubin method. These specimens were similarly analyzed for direct bilirubin.
Interference Studies
For these studies, we added solutions of interferents to the 180 mol/L human-serum-based bilirubin standard.
Hemoglobin. To check the bichromatic correction of the HA-bOO methods, we added hemolysates to the bilirubin standard.
We prepared a stock hemolysate from EDTAtreated blood, after washing erythrocytes three times with isotonic saline. The erythrocyte suspension was hemolyzed with water, frozen at -20 #{176}C, and centrifuged for 10 mm at 750 x g after thawing. After determining the hemoglobin concentration,we prepared a series of hemolysates in the human serum diluent and added these to the bilirubin standard to simulate sera with mild (1 gIL) to gross (5 g/L) hemolysis.
Lipemia. To assess the effect of turbidity, we added a fat emulsion ("Intralipid 20%"; KabiVitrum Ltd., Uxbridge, UB8 2YF, U.K.) to the human serum diluent to increase the absorbance at 465 rim by 32.0 absorbance units. This was further diluted and added to the bilirubin standard to simulate sera with mild to gross lipemia.
Carotenes. To investigate the effect of carotenoids, we added to 13-carotene dissolved in ethanol the human serum diluent, then centrifuged this solution at 5000 X g, to remove excess carotene and any protein precipitate. The resulting stock solution contained 24.2 mol of carotene per liter as measured by the method of Kaser and Stokel (12). This solution was serially diluted in the human serum diluent and added in equal amounts to the bilirubin standard to give sera with normal (2.4 molfL) to high (6.08 jnnoL/L) carotene concentrations.
Met hemalbumin.
To assess the effect of methemalbunun, we dissolved 815 mg of hemin (Sigma Chemical Company Ltd., Poole, BH17 7NH, U.K.) in 5 mL of 1 moIJL NaOH, then neutralized with 1 molfL HC1 and diluted to 100 mL with serum diluent to give a methemalbumin concentration of 1.25 mmoIJL, which we confirmed by second-derivative spectroscopy (13). Various amounts of this methemalbumin solution were added to the bilirubin standard to simulate sera with mild (50 jzmol/L) to gross (250 moliL) methemalbuminemia.
Results
The within-batch precision of each buffer system was determined at three bilirubin concentrations by replicate analyses within the same run with human serum pools. Between-batch precision was determined by replicate analyses of human-serum-based quality-assurance material ("Precibil"; Boehringer Mannheim GmbH, Mannheim, F.R.G.) during 20 days. The results ( Table 2 ) are similar to those obtained with alternative automated techniques (14, 15) .
We examined the linearity of the methods by using a seriesof bilirubin solutions (concentration range 50-1000 imoliL) prepared from the stock 8500 molJL solution in the human serum diluent and analyzed in the HA-bOO. The resulting graphs are depicted in Figure 1 . All three RA-b000 methods gave results that were linearly related to bilirubin concentration to at least 1000 moWL.
Reagent carryover between the three bilirubin methods and other assays on the same reagent tray configuration were assessed by the protocol as outlined by the ECCLS (16). Except for sodium and potassium (determined with ion-selective electrodes), the high concentration of which in the bilirubin buffers carried over significantly, interaction with other assay reagents in the same reagent tray (urea, magnesium, calcium, amylase, salicylate, glucose, and albumin) was negligible.
Results of the interference studies are shown in Table 3 . Similarly, methemalbumin has absorbance maxima that could interfere with the spectrophotometric methods, and to assess this possible effect we analyzed a series of bilirubin solutions containing various amounts of methemalbumm. We noted a significant positive interference with each RA-b000 bilirubin method (200 mol of methemalbumin per liter increases apparent bilirubin by >10 prnolIL), the CAF method being most severely affected.
Serum samples from neonates were thawed, mixed, and allowed to reach room temperature, then analyzed in batches in the RA-b000 and also by the Jendrassik-Gr#{243}f method in the SMAC.All these samples essentially contained only unconjugated bilirubin. Statisticalanalysis showed that the correlationsbetween the Jendrassik-Gr#{243}f method (y)and the BOR, CAF, and B-C methods (x)were good (r = 0.98, n = 69; r = 0.99, n = 69; and r = 0.99, n = 69, respectively)and that the linear-regressionequations (y = 1.OOx+ 6.'78;y= O.98x + 6.43; andy = O.98x + 4.bb, respectively)all had slopes that did not differ significantly from unity (P >0.05), whereas the intercepts (6.78, 6.43, and 4.11 moIJL, respectively) were significantly different from zero (P <0.01). Data from these comparison studies are depicted in -2.63; and y = 1.06x + 1.76, respectively) all had slopes that differed significantly from unity (P <0.05), whereas the intercepts (-0.89, -2.63, and 1.76, respectively) were not significantly different from zero (P >0.05). Data for these comparison studies are depicted in Figure 3 . The scattering of data points about the slopes-especially those results with increased direct biirubin-indicates a lack of specificity in the assays.
Because of previously reported protein matrix effects (17, 18) of different albumin-based standards, we investigated this effect on all three HA-b000 bilirubin methods. Standards were prepared in three different animal albumin solutions and analyzed in triplicate. The CAF and B-C methods both proved to be insensitive to the three types of albumin used, whereas the BOR method gave spuriously high results for bovine-and equine-albumin-based standards ( Table 4) .
Discussion
We found the three bilirubin spectrophotometric methods as used in the HA-bOO to be simple and precise, with the sample volume (10 ML) comparable with that for the bilirubinometer method we used previously. Results for neonates' samples, which contained essentially uncortjugated bilirubin, correlated well with those by the Jendrassik-GrOf method, with regression analysis indicating slight positive intercepts, which in practice are of no significance.
Comparison of samples from adults also gave good correlation, although regression analysis indicated a positive bias associated with all three methods. This is in part to be expected because of the greater concentration of substances absorbing at 465 nm in adult sera. However, the greater scatter of data for all the spectrophotometric methods, particularly those samples with increased direct bilirubin as shown in Figure 3 , indicates a lack of specificity due to the direct bilirubin or other unusual bilirubin fractions present in sera from patients suffering from cholestasis, such as "delta bilirubin." This bilirubin fraction is tightly bound to protein and is not liberated by caffeine (19). 
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reagent interactionin the ion-selective electrode method is present for all buffer systems. Currently, we are investigating the use of alternative cations to sodium and potassium in the reagents to avoid this problem.
In our experience, contrary to Meites and Linn (21), hemolysis is often present in pediatric samples and would cause significant interference with uncorrected spectrophotometric bilirubin assays. Bichromatic correction for oxyhemoglobin interference is usually made at 528 nm (7), because the absorbances for this substance at 465 nm and 528 nm are equal, and would give a bichroinatic factor of 1.0. However, because the 550-nm filter is standard to the RA-1000, we chose this wavelength for our bichromatic correction (bichromatic factors ranged from 0.85 to 0.9), and, although it corrects adequately for hemoglobin interference, it may attenuate other interferences.
Turbidity interferes with both methods but, as Vink et al. (18) noted, the CAY method is less affected.Unfortunately, the RA-1000 allows for only one bichromatic correction, and so moderately turbid samples should be assayed by alternativetechniques.
All three HA-bOO methods show positive interference from carotene, but at normal concentrations this is insignificant, and in practice hypercarotinemia israre. Methemalbumin also causes a positive interference with all three methods, more so with the CAY method but, similarly, methemalbuminemia is quite rare and should be noted when the serum is separated.
The BOR method is known to react differently to animalbased sera. This could cause a problem with external quality control, and limits the type of standard preparation that can be used. The CAY and B-C methods are both claimed to be protein matrix independent, owing to the complete liberation of bilirubin from albumin and the formation of a bilirubin-caffeine complex (8). This we confirmed for human-, bovine-, and equine-based standards, but the previously reported matrix effect seen in samples from neonates with the BOR method (17,22) was not evident in our study.
After the initial cost of fitting the 465-nm filter to the HA-bOO (about $230), the cost per test is low (less than $0.01). A disadvantage is that the 465-nm filter is not an additional filter in the HA-bOO, but substitutes for a filter already in the instrument (although the 465-nm filter could be useful for bichromatic correction for bilirubin interference in other assays). However, accurate and precise measurement of serum bilirubin is important, particularly in laboratories with high pediatric workloads, so we think this sacrifice is justifiable. Moreover, we feel these methods are more suitable for pediatric use, because the diazo and bilirubin oxidase methods both require either larger sample volumes or are affected by hemolysis.
In conclusion, all three HA-bOO bilirubin methods perform well for both pediatric and adult samples, but we prefer the B-C method because it is less affected by turbid- Today, measurement of intracellular magnesium in the mononuclear cells in blood is considered superior to measurement of serum magnesium concentration or erythrocyte magnesium concentration for investigating potential magnesium depletion in patients (1) (2) (3) (4) (5) (6) . The classic method of intravenous magnesium loading is very elaborate and time consuming (7) and must be regarded as a research tool. The drawback of measuring intracellular magnesium in muscle tissue-probably the procedure of choice-is of course that it requires a muscle biopsy, which is attended with risk and malaise (8) .
Various methods have been developed for isolating mononuclear cells from blood (6, 9, 10). However, most of these methods, which involve the use of Ficoll (a copolymer of sucrose and epichlorohydrin), suffer from the interference of Ficoll with protein measurement by the method of Lowry et al. (9, 11) and from the contamination of plasma with Ficoll, which precludes its use for other measurements.
To circumvent these drawbacks, we developed a method
